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8 Conclusions
§  8.1 Answering the research questions
This thesis answers the overall question if the use of satellite imagery could help 
analysing the UHI in the Netherlands and suggests mitigation actions that can be 
implemented in the existing urban contexts of the cities, regions and provinces 
assessed. In order to answer this main research question a number of sub questions 
were formulated and studied from a theoretical perspective in part A: method. The 
investigation carried out in part A was used as a basis for the assessment of the urban 
heat in three specific case studies in the Netherlands in part B: results (Figure 8.1).
Subquestion 1: SCALE
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§  8.1.1 SCALE. How would the implementation of the 1920´s regionalist 
premises of Geddes and Mumford affect the UHI phenomenom?
Contemporary urban planners are generally not empowered to act at a regional scale, 
and thus are often not concerned by that larger supra-metropolitan scale, which seems 
critical to address the global challenges faced by existing urbanisation patterns, and 
for which remote sensing is best suited. Geddes and Mumford 1920´s regionalist 
principles can be divided in two main categories: territorial design principles and urban 
containment principles.
At the territorial scale, enhancing and preserving large-scale regional geographical 
natural and/or green elements (thus reinforcing the “sense of place and concept of 
nature” suggested by the 1920's´ regionalists) is still a very appropriate and much used 
approach to maintain quality of life at a regional scale. Reaching a regional balance 




studied, in order to promote enhancement measures that would increase the natural 
cooling capacity of the areas of the park adjacent to hotspots.
The urban containment concept set forward by the regionalists includes elements such 
as garden cities, limiting the size of the cities, implementing density thresholds and 
greenery standards, and suggesting interventions at neighbourhood scale. Attempts 
to limit the growth of the cities’ actual footprint are still relevant in present times. 
In chapter 6, the relationship between the surface temperature and the size of the 
cities was analysed for several medium-size cities in North Brabant. For the analysed 
cities, the size was not a determining factor, instead, high albedo did contribute to the 
reduction of the surface temperature.




than city centers, as highlighted in chapters 5 and 6.
Overall most key elements of the regionalist concept are still very much relevant today 




§  8.1.2 TOOLS. What satellite imagery and remote sensing processing techniques 
could be used for the heat island assessment at supra-urban scale?
Remote sensing retrieves mainly land surface information and thus allows mapping 
surface urban heat islands (SUHI). There are two main categories of urban heat islands: 





radiating the heat absorbed during the day towards the atmosphere, registering air 
temperature differences of up to 12°C.
Air temperature seems a more relevant indicator of human comfort than surface urban 
heat island. However, retrieving consistent air temperature data in the urban environment 
is a challenge. In the particular case of the Netherlands, the KNMI meteorological stations 
are all located in the rural environment, precisely to erase the influence of urban heat in 
the temperature retrieval. Consistent surface temperature data can be mapped using 
satellite imagery. Even though the spatial pattern of UHI and SUHI differs (Dousset and 
Gourmelon, 2003), many climatologists use land surface temperature to assess the urban 
heat accumulation behaviour (Price, 1979; Roth et al., 1989; Parlow, 2003; Van Hove et 




For urban planners the principal limitation of remote sensing lies in the fact that 
even though aerial view provides a very comprehensive overview of cityscapes and 
landscapes, these must be complemented by the analysis of other tangible (street 
level views, pedestrian flows…) and intangible parameters (economic activity, social 
cohesion…). However, the most important challenge for urban planners is to be able 




for urban planners to be able to integrate these into design.
ENVI is a geospatial software designed by Exelisvis (Exelis Visual Information Solutions, 
2016) to process and analyse any kind of satellite imagery. The combination of ENVI 
and GIS allows for the greatest integration between the available raster and vector 
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information. There is a third type of software consistently needed to work with satellite 
information. These are the programs that atmospherically and geometrically correct 
the raw satellite imagery. The geometrical correction is needed in order to be able 
to transpose the information retrieved from the curved surface of the earth into a 
two-dimensional image. The atmospheric correction is needed because the satellites 
retrieve the radiation emitted by the surface of the earth through the atmosphere. The 
radiance retrieved is somehow distorted due to the composition of the atmosphere 
(humidity, chemical content). Atmospheric correction software “erase” the effect of 
the atmosphere from the retrieved radiance through the use of certain atmosphere 
composition models which vary, depending on the latitude and longitude, on the 
season and on whether the image captures a rural or an urban environment.
The satellite images themselves, can be downloaded through the US Geological 
Survey Global EarthExplorer (USGS EarthExplorer, 2016), such as Landsat or Modis. 
Landsat 5TM and Modis 11A1 satellite imagery were used for the case studies 
developed in chapter 5, 6 and 7. Landsat has a resolution of 100 m and Modis of 1 
km. Land surface temperature, heat fluxes and albedo can be mapped using Landsat 
imagery (100 m resolution) and processing it in ATCOR (Atmospheric & Topographic 
Correction, 2016), which allows not only completing the geometric and atmospheric 
correction of the images but also calculates the before mentioned parameters. Albedo, 
NDVI and imperviousness are physical characteristics of the built environment 
which can be addressed and improved. Measures to improve albedo, NDVI and 
imperviousness can be simulated and quantified. Satellite imagery product Modis 
11A1 (1 km resolution) contains a layer where land surface temperature (day and night 
averages) and albedo are already processed and calculated. In this study the authors 
have only focused in the use of open source satellite imagery which have enough 
resolution to assess the SUHI at a city and regional scale. There are high-resolution 









dissipated by convection into the atmosphere (its behaviour varies depending on 





heat. Increasing the albedo of roofs and pavement reduces their surface temperatures. 
When a surface has an albedo of 0, it means that it does not reflect any radiation 
whereas an albedo of 1 means that all the incoming radiation is reflected by the surface 
to the atmosphere. In European cities the average albedo is around 0.20 (Taha, 1997). 
Increasing the surface albedo from 0.25 to 0.40 could lower the air temperature as 
much as 4°C (Taha et al. 1988).
Normalised difference vegetation index is typically used to calculate vegetation index. It 
can be mapped after calculating NDVI. If Landsat is used, both NIR and VIS are bands of 







(Choudhury et al., 1994; Carlson et al., 1995).
Imperviousness makes a strong contribution to urban heat. Imperviousness seals the 
surface, it prevents water from evaporating, and hinders the growth of vegetation, in 
this way it prevents solar radiation from being converted into latent energy. Impervious 
surfaces have in addition, the capacity to store heat during the daytime. The heat that 
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§  8.1.3 STRATEGY. What representation and mapping strategies 
could we use to ensure the proposed measures are accurate 
enough to actually make a difference and open enough to be 
compatible with the rest of urban planning priorities?
Since urban heat is often not the only priority to be addressed during the planning 
process, the need to find integrative and catalysing mapping strategies becomes even 
more crucial. The incorporation of these parameters and tools into open and integrative 





of all aspects (including abstract considerations) that condition the process -this 
mapping strategy was used to connect the existing neighbourhood categories and the 




citizens to fresher areas during heat waves. These catalysing mapping categories would 
allow integrating among others critical climatologic parameters such as urban heat. 
Heat related parameters (such as heat fluxes, land surface temperature, albedo, NDVI 
and imperviousness) are mapped at supra-regional scale through the use of satellite 
imagery. 
The catalysing mapping strategies allow reinterpreting the information unfolded by 
these powerful tools ensuring they to not lead to static prescriptions, but instead they 
reveal inspiring connections and information, which triggers interactions between 
actants, parameters and systems.
§  8.1.4 Could the use of satellite imagery help analyse specifically the urban heat 
in the Netherlands and suggest mitigation actions implementable in the 






neighbourhood and city scale in medium-size cities in North Brabant and third to study 
how to increase the cooling capacity of Midden-Delfland South Holland provincial park.













parameters and strategies in the 6 case studies.
 – The same satellite imagery was used to estimate the surface of bituminous flat roofs 
and of clay sloped roofs within the hotspots, in order to calculate a high level estimation 
of the mitigation effect of the increase of albedo of those surfaces.
 – Ultimately remote sensing was used to provide a customised UHI assessment for the 
cities of The Hague, Delft, Leiden, Gouda, Utrecht and Den Bosch:
UHI assessment of North Brabant medium-size cities
 – Remote sensing and GIS were used to map and calculate average night LST, albedo, 
NDVI, imperviousness and surface of 21 medium-size cities in the region of North 
Brabant. Further a regression analysis was carried out to understand how these 
parameters affect the night-time LST. The purpose was to incorporate UHI-related 
aspects into the design guidelines for the identified future growth areas of medium-
sized cities in North Brabant, as these aim to contribute to sustainable development, 
but do not incorporate yet any urban heat considerations.
 – GIS was also used to carry out an “unsupervised cluster classification” of the three 
most relevant parameters affecting UHI (albedo, NDVI and imperviousness) in 




consideration the UHI phenomenom.
TOC
 280 Urban and regional heat island adaptation measures in the Netherlands
UHI assessment for South Holland Provincial parks
















of NDVI, reduction of imperviousness).
§  8.2 Interpretation of the results and conclusions in a wider context












GIS is a very powerful tool not only for the UHI assessment, but also for the overall 
urban planning purposes. Aerial imagery can be obtained through satellite imagery 
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or through images retrieved on board of airplanes, or drones. The use of drones for 
many different disciplines is proliferating, and even though its operation is not yet 





integration, the priorisation, the cross connections.
§  8.3 Discussion
§  8.3.1 Climatologist tools for the urban planning practice





sociologists, transportation engineers… However, some of the instruments used for 
the assessment of those specific disciplines, have proven to have wider applications, 
which can be used for a more general assessment by urban planners. This is the case of 
remote sensing, which is often used by climatologists, to study (for example) in depth 
the Urban Heat Island phenomenon, but which can also be used by urban planners 
for a more superficial assessment of the phenomenon, more oriented towards the 
development of design adaptation guidelines, rather than focusing on the accuracy of 
the retrieved measurements. The depth and accuracy of the climatological assessment 
produced by urban planners is inevitably not comparable to the ones issued by 
climatological experts. In that sense it is important to remind the different purposes 
of these two disciplines. Climatologists aim at having the most accurate insight of the 
phenomena themselves, while the focus of urban planners is on developing spatial 
planning guidelines to reduce the effect of the phenomena and which are flexible and 
compatible with other urban planning priorities. The use that those two disciplines 
make of certain tools is therefore not the same.
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§  8.3.2 Resolution limitations
Landsat 5TM is an appropriate tool to assess urban heat accumulation at city scale 
due to the resolution of its spectral bands: 30 m for bands 1 to 7, and 120 m for band 









MOD11A1is the other satellite imagery used in the studies included in this research 
is a satellite imagery product issued by MODIS and has a resolution of 1,000 m, 
which is considerably coarser than Landsat 5TM, and thus only used for large surface 
assessments (whole city assessments).
§  8.3.3 Remote sensing limitations for UHI assessment
In principle, satellite imagery provides surface temperature assessment only (even 
though there are some algorithms that allow the calculation of air temperature based 
on LST, and some software that calculate the sky view factor based on Landsat satellite 




on suggesting measures to improve the surface cover behaviour. The same urban 




§  8.3.4 Replicability of the study
The studies presented in this PhD research can be replicated with a basic remote 
sensing and climatological knowledge and only require a certain command of the two 
main software utilised (ENVI 4.7 and ATCOR 2.3). One critical item is the selection of 
the satellite imagery, which should preferably be retrieved during a heat wave, and on a 
cloudless and windless day.
The satellite imageries used for this research are Landsat 5 TM and Modis 11A1 (open 
source), however the same exercise can be performed with finer resolution satellite 
imagery, thus obtaining more accurate results.
§  8.3.5 The challenge of redefining the regional scale balance nowadays
Even though revisiting the regionalist principles is inspiring for the creation of spatial 
planning guidelines for reducing the heat island in new urban developments, it is 
important to highlight that these are precisely only applicable in certain contemporary 
scenarios. Thus Mumford’s concept of “reversal” is often no longer valid in the current 
context, since in the last 100 years automobile technology has in most cases only 
accentuated the ravages caused by the 19th century city that Mumford described 





and supply (food, material and human transportation) these megalopolises, which 
rely up to a certain point on intensive road and air traffic – with their corresponding 
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§  8.4 Outlook
Existing urbanisation patterns seem unsustainable, both from a global metabolism 
perspective and from a local liveability angle. 54% of the world’s population resides 
in urban environments (UN, 2014), cities occupy 3% of the Earth’s land and account 
for 60-80% of total energy consumption and 75% of carbon emissions (UN, 2016). 
The world´s urban population will experience an increase of 2.45 billion inhabitants 
by 2050. Urban planners need to come up with measures to retrofit existing urban 
structures, and to plan urban growth to accommodate the new dwellers. The 
magnitude of the UHI is such that during the heat wave of 2003 it generated over 
30,000 excess deaths in Europe, and still it is only one example of an urban climate 
phenomenon resulting from unbalanced design arrangements. New development 
patterns need to be investigated to ensure a natural balance at local and global scales, 
which will be reached through the reinforcement of the cohesion at the intermediate 
scale that is the regional scale.
§  8.5 Societal Impact
Innovative solutions at a large scale require on the one hand urban planners to assume 
responsibility and control over the interventions at an infrastructural and regional scale 
to ensure a coherence between the interventions suggested at neighbourhood, city and 
regional scales; on the other hand the incorporation of appropriate technology (here 
remote sensing) and mapping strategies (game board, rhizome, layering and drift) is 
critical to be able to assess with coherence at this larger scale.
§  8.5.1 Reinterpretation of technology
In a world ruled by technology, urban planners are often tempted to specialise in one 











should not be treated as compulsory, irrefutable truth. Somehow the regionalists 
already anticipated the importance of the debate of the integration of the scientific 
input into the urban planning discipline when Mumford denounced the use of science 
to narrow the depth of the urban planning discussion (Luccarelli M, 1995) for the 
defence of his Regional Plan of New York and Its Environs (RPNY) (GLP, 1932).
§  8.5.2 Connection with existing realities







comparative analysis of several Dutch cities, which have similar city centre structures, 
and for which it could be interesting to share knowledge, actions and experiences. 




during heat waves” (Echevarria Icaza et al., 2016b), the analysis carried out aimed 
at estimating the impact of planned future urban developments for the Province of 
North Brabant (Provincie Noord-Brabant, 2010) in the formation of urban heat. The 
purpose was thus to assess whether the location of the future growth areas, which are 
all adjacent to existing small and midsize cities, would per se worsen the UHI effect in 
those cities or not. The Province of North Brabant had used the “ladder for sustainable 
urbanisation” developed by the Dutch Ministry of Infrastructure and Environment to 





 286 Urban and regional heat island adaptation measures in the Netherlands
considerations taken into consideration so far (“ladder for sustainable urbanisation”), 






since South Holland is the densest province of the Netherlands, and thus the most 
affected by the UHI in absolute terms (CBS, 2006). The article on the South Holland 
provincial park aims at providing tools to the province, to ensure the parks preserve and 
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